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© Optical recording medium. 



CM 



© A phase-change optical recording medium in- 
cluding a recording layer of a tellurium alloy com- 
prising at least a metal M, antimony Sb and germa- 
nium Ge added to tellurium and having the following 
composition formula: 

M^SbjJe, . K ), _ y _ 2 (Ge 0 5 Te 0 .5)y 

0.35 < x £ 0.7 
0.2 $ y S 0.5 
0.0001 Sz< 0.05 

wherein the metal M is one kind of metal selected 
from the group consisting of niobium Nb and plati- 
num Pt; and the subscripts x, y, 1-x and 1-y-z the 
numbers of atoms of elements (molar number of 
elements). 
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This invention relates to an optical recording 
medium on which the recording and erasing of 
information can be done by irradiating the record- 
ing medium with light, and more particularly to a 
rewritable phase-change optical medium which per- 5 
mits information to be recorded thereon at a high 
speed, and which has a high record rewriting 
cyclability and a high long-term storage stability. 

In a conventional rewritable phase-change op- 
tical medium, a recording layer consists of an alloy io 
containing tellurium Te as a main component. In 
order to record information on this recording me- 
dium, a focused laser beam pulse is applied to the 
recording layer in a crystalline state for a short 
period of time to partially melt the same and form ;s 
an amorphous recorded mark quenched and solidi- 
fied by thermal diffusion. Since the reflectivity of 
this recorded mark is lower than that in the cry- 
stalline state, the former recorded mark becomes 
optically readable as a recorded signal. In order to 20 
erase the recorded mark, it is heated to a tempera- 
ture not higher than the melting point thereof and 
not lower than the crystallization temperature there- 
of by irradiating the recorded mark with a laser 
beam, to crystallize the recorded mark in an amor- 25 
phous state, whereby the recording layer can be 
returned to an unrecorded state. 

The known tellurium alloys used for this re- 
cording layer include three-element alloys, such as 
Ge.;Sb;:Te- T (N. Yamada et al. Proc. Int. Sym. on 30 
Optical Memory. 1987 p6l-66). An optical record- 
ing medium having a recording layer of a tellurium 
alloy has the characteristics that it has a high 
crystallization speed and enables the overwriting of 
information to be done at a high speed with a 35 
circular single beam by only modulating the irradia- 
tion power of the light. An optical recording me- 
dium using such a tellurium alloy recording layer is 
usually provided with dielectric layers having ther- 
mal resistance and light transparency on both sur- aq 
faces of the recording layer, and also a reflective 
layer of metal such as aluminum capable of reflect- 
ing light on the dielectric layer positioned on the 
side of the recording layer which is opposite to the 
optical beam entering side thereof. The dielectric 45 
layers are adapted to protect the recording layer so 
that the deformation and abrasion of the recording 
layer do not occur during a recording operation 
using an optical beam, and the reflective layer to 
improve the contrast of a reading signal during a so 
reading operation by the optical interference of an 
incident optical beam and a reflected optical beam 
and carry out with ease the formation of a recorded 
mark in an amorphous state by the cooling effect. 

In the above-described structure of an optical 55 
recording medium, and, especially, in a rapid cool- 
ing structure in which a recording layer and a 
dielectric layer between the recording layer and a 



reflective layer are formed to a small thickness of 
around 20 nm, the deterioration of the recording 
characteristics ascribed to the repetition of rewrit- 
ing operations rarely occurs, though the deteriora- 
tion of the same occurs much in a slow cooling 
structure in which dielectric layers are formed to a 
larger thickness of around 200 nm. The rapid cool- 
ing structure further has the characteristics that a 
margin of the erasing power is wider [T. Ohta et al, 
Japanese Journal of Applied Physics, Vol. 28 
(1989) Suppl. 28-3 pp 123-128]. 

However, a rewritable phase-changeable op- 
tical recording medium of a rapid cooling structure 
has a problem that variation of the thickness of a 
recording layer and a very fine abrasion thereof are 
liable to occur when a recording, erasing or rewrit- 
ing operation is repeated, i.e. a problem that the 
cyclability of this recording medium is low. 

The present invention seeks to provide an op- 
tical recording medium which solves the problems 
of the above-described conventional optical record- 
ing medium having a recording layer of a tellurium 
alloy, and which is superior in the recording 
cyclability and long term storage stability of re- 
corded information. 

The present invention also seeks to provide an 
optical recording medium having excellent record- 
ing characteristics, i.e. a high recording sensitivity, 
a high carrier-noise ratio <C N ratio), a high erasing 
speed and a high erasability. 

The present invention capable of solving these 
problems provides an optical recording medium 
comprising a substrate, a recording layer formed 
on the substrate and consisting of a tellurium alloy, 
at least one dielectric layer . and a reflective layer, 
the tellurium alloy of the recording layer being 
phase-changed between a crystalline state and an 
amorphous state by being irradiated with light, 
whereby the recording and erasing of information 
can be done, the tellurium alloy of the recording 
layer comprising at least a metal M, antimony Sb 
and germanium Ge added to tellurium Te and 
having the following composition formula, 

M 2 (Sb x Te, - K ), . y - z(Ge 0 . 5 Teo.5)y ( 1 ) 

0.35 £ x < 0.7 
0.2 % y S 0.5 
0.0001 Szi 0.05 

wherein the metal M is one kind of metal selected 
from the group consisting of niobium Nb and plati- 
num Pt; and the subscripts x, y, 1-x and 1-y-z the 
numbers of atoms of elements (molar number of 
elements). 

Adding some other metal component to the 
tellurium alloy constituting the recording layer in 
the present invention is not prohibited. For exam- 
ple, a tellurium alloy to which palladium is added 
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as shown in the following composition formula can 
also be preferably used. 

MzPd p (Sb x Te, . j, - y . ,(Ge 0 5 Te 0 5 ) y <2) 

0.35 < x S 0.7 
0.2 £ y £ 0.5 
0.0001 < z £ 0.01 
0.0001 Sp£ 0.005 

wherein the metal M is one kind of metal selected 
from the group consisting of niobium Nb and plati- 
num Pt; and the subscripts x, y, 1-x, 1-y-z and p 
the numbers of atoms of elements (molar number 
of elements). 

Both of the tellurium alloys consisting of the 
above-mentioned components are in a substantially 
single-phase crystalline state, so that the crystalli- 
zation speeds of these alloys become high when 
they are irradiated with an optical beam. Moreover, 
even when the recording, erasing and rewriting 
operations are repeated many times, variation of 
the thickness of the recording layer and the abra- 
sion thereof do not occur easily, and the thermal 
stability of a recorded mark can be improved. 
Fig. 1 is a schematic sectional view of an em- 
bodiment of the optical recording medium ac- 
cording to the present invention; and 
Fig. 2 is a schematic sectional view of another 
embodiment of the optical recording medium 
according to the present invention. 
Fig. t shows a typical embodiment of the op- 
tical recording medium accoiding to the present 
invention, which is formed by laminating a record- 
ing layer 2 on a substrate 1 via a first dielectric 
layer 3a. and a reflective layer 4 on the recording 
layer 2 via a second dielectric layer 3b. The light is 
applied to such an optical recording medium in the 
direction of an arrow A. This optical recording 
medium is used in various modes, i.e., in the shape 
of a disc, a card or a tape. 

Although the embodiment of Fig. 1 has two 
dielectric layers sandwiching the recording layer 2, 
the optical recording medium may also be formed 
without any trouble so that the recording layer 2 
and reflective layer 4 directly contact each other as 
shown in the mode of embodiment of Fig. 2 with 
the second dielectric layer 3b omitted. The reflec- 
tive layer may be provided thereon with a protec- 
tive layer of Si0 2 , ZnS or 2nS-Si0 2 . a layer of a 
resin, such as an ultraviolet-ray curing resin and a 
bonding agent layer for laminating the reflective 
layer on another substrate, with consideration given 
to the prevention of spoiling of the effect of the 
present invention. 

According to the present invention, the material 
for the recording layer consists of a material of the 
above-mentioned composition formula (1) or (2), 
which is a chalcogen compound containing tellu- 



rium as a main component and capable of taking at 
least two states, i.e. a crystalline state and an 
amorphous state. The recording layer is a novel 
non-stoichiometric solid solution which is typically 
5 in a substantially single crystalline state when it is 
in a crystalline state, and which consists of at least 
four elements- Since this tellurium alloy is in a 
single phase when it is in a crystalline state, the 
crystallization speed thereof is very high, and the 
w rewriting of recorded information can be done at a 
high speed. Since this alloy is in a substantially 
single phase when it is in a crystalline state, it has 
an advantage that the deterioration of the recording 
characteristics, which is ascribed to composition 
15 segregation, rarely occurs. 

The niobium Nb and platinum Pt used as the 
metal M in the above-mentioned composition for- 
mula (1) or (2) in the range of content expressed 
by z in the formula minimize the occurrence of 

20 variation of thickness of a recording layer and the 
abrasion thereof which are ascribed to the frequent 
repetition of a recording, erasing or rewriting opera- 
tion. Although the details of this phenomenon have 
not yet been made thoroughly clear, it is assumed 

25 that the Nb and Pt are combined firmly with the 
elements Te and Sb in the recording layer to 
increase the viscosity of the recording layer in a 
high-temperature molten state, so that the fluidity 
of the recording layer during a recording operation 

30 using an optical beam radiation lowers. The Nb and 
Pt have a large deterioration minimizing effect with 
respect to a large number of repetitions of record- 
ing operations as compared with other metals, such 
as Co. and also an effect in improving the thermal 

35 stability of the amorphous state of a recorded mark 
in the recording layer. 

When the value of z in the composition formula 
is larger than 0.05, the recording layer in a cry- 
stalline state consists of crystals of substantially a 

40 plurality of phases. Consequently, the crystalliza- 
tion speed is very low, and segregation becomes 
liable to occur, so that it becomes difficult to carry 
out erasing and rewriting operations repeatedly. In 
view of this, it is more preferable to set the upper 

45 limit value of z to less than 0.01. However, when 
the value of z is tooo small, i.e. less than 0.0001, 
the significant effect already described is not pro- 
duced, and the rewriting cyclability of the recording 
layer and the thermal stability of a recorded mark 

so in an amorphous state lower greatly. The value of z 
is more preferably set to not less than 0.0005 and 
more than 0.005. 

When the value of x is in the range of 0.35 £ x 
S 0.7, the crystallization speed is high, and a high- 

55 speed rewriting operation becomes possible, the 
reversibility of rewriting also becoming high. When 
x is larger than 0.7, the quantity of Sb component 
becomes too large, and, when x is less than 0.35, 
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the quantity of Te component becomes too large. 
Therefore, in both of these cases, the crystallization 
speed becomes very low and segregation becomes 
liable to occur, so that the repeating of a rewriting 
operation becomes difficult. The value of x is more 
preferably set to not less than 0.4 and not more 
than 0.5. 

When the value of y in the composition formula 
is in the range of 0.2 £ y £ 0.5, the thermal stability 
of a recorded mark in an amorphous state and the 
crystallization speed thereof are high, so that the 
rewriting of recorded information can be done at a 
high speed. When this value is larger than 0.5, the 
repeat rewriting resistance of the recording layer 
becomes very low, though the thermal stability of a 
recorded mark in an amorphous state is high. 
When this value is less than 0.2, the thermal stabil- 
ity of a recorded mark in an amorphous state 
becomes extremely low. The value of y is more 
preferably set to not less than 0.3 and less than 
0.4. 

According to the present invention, it is prefer- 
able that the thickness of the recording layer men- 
tioned above be set to a level in the range of 10-30 
nm. 

The dielectric layers in the present invention 
have a substrate- and recording layer-protecting 
effect whereby the thermal deformation of these 
parts during a recording operation and the deterio- 
ration of the recording characteristics of the record- 
ing layer are prevented, as well as an effect in 
improving owing to the optical interfering effect the 
contrast of a reading signal during a rewriting op- 
eration. The diefectric layers may consist of in- 
organic films composed of ZnS. SiO:, silicon 
nitride and aluminum oxide. Especially, a film of 
ZnS. films of oxides of metals, such as Si, Ge. Al, 
Ti. Zr and Ta, films of nitrides of Si and Al, films of 
carbides of Ti, Zr and Hf and films of mixtures of 
compounds of these metals are preferable since 
they have a high thermal resistance. The materials 
obtained by mixing these metals with carbon or a 
fluoride, such as MgF 2 are also preferably used 
since films consisting of them have small residual 
strain. Especially, a film of a mixture of Zn and 
Si0 2 and a film of a mixture of ZnS, Si0 2 and 
carbon, in which even the repetition of recording 
and erasing operations rarely causes a decrease in 
the recording sensitivity, C/N ratio and erasing 
speed, are preferably used. Above all, a film of a 
mixture of ZnS. St0 2 and carbon is preferable. 

The thickness of the dielectric layer is usually 
about 10-500 nm. When first and second dielectric 
layers are provided, it is preferable to set the 
thickness of the first dielectric layer to 100-400 nm 
so that this layer is not easily separated from a 
substrate and a recording layer and cracked, and 
to set the thickness of the second dielectric layer 



to 10-30 nm for the purpose of enabling the record- 
ing characteristics, such as a C/N ratio and eras- 
ability of the optical recording medium to be im- 
proved, and a large number of rewriting operations 
s to be carried out stably. 

The materials for the reflective layer in the 
present invention include elements, especially met- 
als, having optical reflectivity, such as Al and Au; 
an alloy containing these elements, especially met- 
ro als, as main components and additional elements, 
such as Ti, Cr and Hf; a mixture of a an element, 
especially metal, such as Al and Au and a com- 
pound of, for example, a metal or other element, 
such as nitride of a metal, eg Al and Si, an oxide of 
75 such a metal or element or a chalcogenide of such 
a metal or other element. Among these materials, 
metals, such as Al and Au and an alloy containing 
such metals as main components are specially 
preferable because they have a high optical re- 
20 ftectivity and because they are capable of increas- 
ing the thermal conductivity of the reflective layer. 
The alloys referred to above include an alloy ob- 
tained by adding a total of not more than 5 atom 
percent and not less than 1 atom percent of at 
25 least one kind of element out of Si, Mg, Cu, Pd, Ti, 
Cr. Hf, Ta, Nb and. Mn to AL and an alloy obtained 
by adding a total of not less than 1 atom percent 
and not more than 20 atom percent of at least one 
kind of element out of Cr. Ag. Cu, Pd. Pt and Ni to 
30 Au. 

Especially, an alloy containing Al as a main 
component is practically useful because of the low 
price of the materials. An alloy obtained by adding 
a total of not less than 0.5 atom percent and not 

35 more than 5 atom percent of at least one kind of 
metal selected from Ti, Cr. Ta, Hf. Zr. Mn and Pd 
to Al is specially preferable since it has a high 
corrosion resistance. 

Preferable Al alloys having a high corrosion 

40 resistance and capable of substantially preventing 
the occurrence of hillocks include alloys each of 
which contains a total of not less than 0.5 atom 
percent and less than 3 atom percent of an addi- 
tional element, such as Al-Hf-Pd alloy. Al-Hf alloy, 

45 Al-Ti alloy. Al-Ti-Hf alloy, Al-Cr alloy, Al-Ta alloy, 
Al-Ti-Cr alloy and Al-Si-Mn alloy. Out of these Al 
alloys, the Al-Hf-Pd alloy having composition ex- 
pressed by the following formula has specially high 
thermal stability with respect to a large number of 

so times of repetition of recording and erasing oper- 
ations, and is therefore capable of minimizing the 
deterioration of the recording characteristics of the 
recording layer. 

55 Pdj Hf k A^-i-k 

0.001 < j < 0.01 
0.005 < k < 0.10 
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wherein the subscripts j, k and 1-j-k represent 
ratios of the number of atoms (molar ratios) of the 
elements. 

The thickness of the reflective layer consisting 
of any of these alloys is set generally to not less 
than 10 nm and not more than 200 nm, and prefer- 
ably to 30-200 nm. 

The materials which can be used for the sub- 
strate in the present invention include various kinds 
of known transparent synthetic resins and transpar- 
ent glass. In order to prevent the substrate from 
being influenced by dust and flows, it is preferable 
to use a transparent substrate and carry out a 
recording operation from the side of a substrate 
with a focused optical beam. Such a transparent 
substrate material include glass, polycarbonate, 
polymethyl methacrylate, polyolefin resin, epoxy 
resin and polyimide resin. 

Especially, polycarbonate resin and amorphous 
polyolefin resin are preferably used since they 
have small optical birefringence, a low hyg- 
roscopicity and a high moldability. 

Although the thickness of the substrate is not 
specially limited, it is practical to set it to 0.01-5 
mm. When this thickness is less than 0.01 mm, the 
substrate becomes liable to be influenced by dust 
even during a recording operation with a focused 
optical beam applied to the recording medium from 
the side of the substrate. When this thickness is 
larger than 5 mm. it becomes difficult to increase 
the numerical aperture of an objective lens and the 
spot size of the irradiation beam becomes large. 
Consequently, tt becomes difficult to increase the 
recording density. 

The substrate may be formed either flexibly or 
rigidly. A flexible substrate is used in the shape of 
a tape, a sheet or a card. A rigid substrate is used 
in the form of a card or a disc. These substrates 
may be formed to an air sandwich structure, an air 
incident structure or a solid structure by using two 
substrate members after a recording layer has 
been formed. 

The light sources used for recording informa- 
tion on the optical recording medium according to 
the present invention include sources of high-inten- 
sity light, such as a laser beam and stroboscopic 
light. Especially, a semiconductor laser beam is 
preferable since it enables a light source structure 
and power consumption to be minimized and can 
be modulated easily. 

A recording operation may be carried out by 
irradiating a recording layer in a crystalline state 
with a laser beam pulse to form an amorphous 
recorded mark. Conversely, a crystalline recorded 
mark may be formed on an amorphous recording 
layer. The erasing of information can be done by 
crystallizing an amorphous recorded mark with a 
laser beam applied thereto, or making an amor- 



phous crystalline recorded mark with a laser beam 
applied thereto. However, it is preferable to carry 
out a recording operation by forming an amorphous 
recorded mark, and an erasing operation by cry- 
s stallizing an amorphous recorded mark since this 
method enables the recording speed to be in- 
creased and can substantially prevent the deforma- 
tion of a recording layer. The intensity of light is 
set high during the formation of a recorded mark, 

10 and somewhat low during the erasing of the mark. 
It is preferable to employ a single beam overwrite 
method in which the rewriting of information is 
done with a one-time optical beam radiating opera- 
tion, because this method enables the time re- 

15 quired for carrying out the rewriting of information 
to be reduced. 

The above-described optical recording medium 
according to the present invention is preferably 
manufactured by the following method. 

20 The methods of forming a reflective layer and 

a recording layer on a substrate include known 
methods of forming films in a vacuum, for example, 
vacuum evaporation, ion plating and sputtering. Es- 
pecially, the sputtering is preferably employed 

25 since it enables the composition and thickness of 
films to be controlled easily. 

The controlling to the thickness of a recording 
layer to be formed can be done easily by monitor- 
ing the condition of accumulation of film-forming 

30 materials by a quartz oscillator type film thickness 
gauge based on known techniques. 

The formation of a recording layer may be 
carried out with the substrate left fixed or in a 
moving or rotating state. Turning a substrate on its 

35 own axis is preferable, and combining a method of 
turning a substrate on its own axis and a method of 
turning a substrate orbitally more preferable since 
a film the inner portion of which has a high ho- 
mogeneity can be obtained. 

40 It is possible to provide as necessary a dielec- 

tric layer of ZnS or Si02 or a protective layer of a 
resin, such as an ultraviolet ray-curing resin for the 
prevention of occurrence of flaws on and deforma- 
tion of a reflective layer, after the formation of a 

45 reflective layer, after the formation of a reflective 
layer, in such a manner that the effect of the 
present invention is not greatly spoiled. Two sub- 
strate members may be pasted on the opposite 
sides of a laminate with a bonding agent after the 

so formation of a reflective layer, or after the formation 
of the above-mentioned protective layer of a resin 
thereon. 

A recording layer is preferably crystallized in 
advance by applying a laser beam or the light from 
55 a xenon flash lamp before the recording of informa- 
tion has been doen in practice. 

As described above, the optical recording me- 
dium according to the present invention, in which a 
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recording layer is formed out of a Te alloy referred 
to above, enables a recording operation to be car- 
ried out with a high sensitivity and at a high speed, 
and has so high a durability that recording and 
erasing operations can be carried out stably even 
such operations are repeated a large number of 
times, and a high long-term storage stability of a 
recorded mark. 

The examples of the present invention and 
comparative examples will now be described, in 
which analyses and measurement were conducted 
by the following methods. 

(Analytical and measuring methods) 

The composition of a reflective layer and a 
recording layer was determined by inductively 
coupled plasma atomic emission spectrometry (de- 
vised by the Seiko Densht Kogyo Co.. Ltd.). A 
carrier/noise ratio (C/N ratio) and an erasability (a 
difference between the intensity of a read carrier 
signal generated after the completion of a record- 
ing operation and that of a read carrier signal 
generated after the completion of an erasing opera- 
tion) were determined by a spectrum analyzer. 

The thickness of a film being formed of each of 
a recording layer, a dielectric layer and a reflective 
layer was monitored by a quartz oscillator type film 
thickness gauge. The thickness of each layer was 
measured by observing a cross section thereof 
through a scanning or transmission type electron 
microscope. 

Example 1 : 

A recording layer, dielectric layers and a reflec- 
tive layer were formed by a RF-sputtering method 
as a polycarbonate substrate of 1.2 mm in thick- 
ness and 13 cm in diameter having 1.6 urn pitch 
spiral grooves was rotated at 30 revolutions per 
minute. 

First, a vacuum chamber evacuated to 
1x10~ 5 Pa, and ZnS to which 20 mol% of Si0 2 was 
added was then sputtered in an Ar gas atmosphere 
to form a first dielectric layer of 300 nm in thick- 
ness on a substrate- A compound target in which a 
Nb chip was placed on a three-element alloy con- 
sisting roughly of Ge 0 .i8« Sb 0 .27. Te 0 .55 was then 
sputtered to form a 23 nm thick recording layer of 
composition of Nb 0 .oo4. Ge 0 .i 8 . Sb 0 . 2 67. Teo.549. A 
second dielectric layer described above was then 
formed to a thickness of 20 nm, and an alloy of 
Mn 0 .oi* Si 0 .04. AI0.95 was sputtered to form a 100 nm 
thick reflective layer. The disc was taken out from 
the vacuum chamber and then the reflective layer 
was spin-coated with an ultraviolet ray-curing acryl- 
ic resin. This resin was cured with ultraviolet rays 
to form a 10 urn resin layer and obtain an optical 



recording medium according to the present inven- 
tion. 

This optical recording medium was irradiated 
with a semiconductor laser beam of a wavelength 

5 of 820 nm to crystallize and initialize the recording 
layer on the whole surface of the disc. An overwrite 
recording operation was carried out 100 times with 
a semiconductor laser beam modulated to a fre- 
quency of 3.7 MHz, a pulse width of 60 nsec, peak 

10 power of 9-17 mW and bottom power of 4-9 mW 
by using an optical head with an objective lens 
having a numerical aperture of of 0.5 and a semi- 
conductor laser with a wavelength of 780 nm, with 
the recording medium rotated at a linear velocity of 

/5 6 m/sec, and the recording medium was then irra- 
diated with a semiconductor laser beam of re- 
producing power of 1.3 mW to measure a C/N ratio 
under the condition of a band width of 30 kHz. 

This portion was irradiated with a semiconduc- 

20 tor laser beam, which was modulated in the same 
manner as mentioned above, with 1.4 MHz to sin- 
gle-beam overwrite the same, and the erasability 
with respect to 3.7 MHz at this time was deter- 
mined. 

25 A practically sufficient C/N ratio of not less than 

50 dB was obtained with peak power of not less 
than 15 mW, and a practically sufficient erasability 
of not less than 20 dB and a maximum erasing rate 
of 30 dB was obtained with bottom power of 6-9 

30 mW. 

A single-beam overwriting operation was then 
repeated 1000 and 100000 times under the con- 
ditions of peak power of 17 mW. bottom power of 8 
mW and a frequency of 3.7 MHz. and similar 
35 measurement was thereafter conducted. The vari- 
ations of CN ratio and erasability were all within 2 
dB. and substantially no deterioration of the optical 
recording medium was observed. 

40 Example 2: 

Optical recording media identical with that in 
Example 1 except that the composition of the re- 
cording layers was changed to Nbo.002, Geo.195. 

45 Sb 0 27. Teo.533 and Nbo.oos. Ge 0 .i7. Sb 0 .284. Teo.541 
were manufactured. These two optical recording 
media were subjected to the measurement of re- 
cording characteristics using the same apparatus 
as in Example 1. In both cases, a practically suffi- 

50 cient C/N ratio of not less than 50 dB was obtained 
with a peak power of not less than 15 mW, and a 
practically sufficient erasability of not less than 20 
dB and a maximum erasing rate of 30 dB was 
obtained with a bottom power of 6-9 mW. 

55 A single-beam overwriting operation was re- 

peated 1000 and 100000 times under the con- 
ditions of peak power of 17 mW, bottom power of 8 
mW and a frequency of 3.7 MHz, and the same 
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measurement was conducted. The variations of 
CN ratio and erasing rate were all within 2 dB, and 
substantially no deterioration of the recording me- 
dia was observed. 

Example 3: 

The same optical recording medium as in Ex- 
ample 1 was rotated at a linear velocity of 6 m/sec 
using the same apparatus as in Example 1 , and an 
overwrite recording operation was repeated 100 
times with a semiconductor laser beam modulated 
to a frequency of 3.7 MHz, a pulse width of 50 
nsec. peak power of 17 mW and bottom power of 8 
mW. The optical recording medium was then irradi- 
ated with a semiconductor laser beam of reproduc- 
tion power of 1 .3 m W to determine the intensity of 
a reproduction signal and CN ratio under the con- 
ditions of a band width of 30 kHz. The recording of 
information was made on other plural adjacent 
tracks under the same conditions, and the record- 
ing medium was then rotated at a linear velocity of 
16 rrvsec and irradiated with a semiconductor laser 
beam having reproduction power of 1.3 mW, 
whereby the intensity of a reproduction signal of a 
frequency of 9.87 MHz was measured under the 
condition of a band width of 30 kHz. This portion 
was irradiated with a semiconductor laser beam of 
constant power, and an initial erasing rate was 
determined. 

The recording medium was then rotated at the 
same linear velocity of 16 m sec. and an overwrite 
recording operation was carried out 100 times with 
a semiconductor laser beam modulated to the con- 
ditions of a frequency of 3.7 MHz. a pulse width of 
50 nsec. peak power of 1 7 mW and bottom power 
of 8 mW. This optical recording medium was 
stored in an oven at 90 • C and taken out therefrom 
after the lapse of 300 hours and then cooled to 
room temperature. It was then rotated at the same 
linear velocity of 16 m/sec, and irradiated with a 
semiconductor laser beam of reproduction power of 
1.3 mW, whereby the intensity of a reproduction 
signal of a frequency of 9.87 MHz was measured 
under the conditions of a band width of 30 kHz. 
This portion was irradiated with a semiconductor 
laser beam of constant power, and erasability was 
measured after it has been heated. The optical 
recording medium was further rotated at a linear 
velocity of 6 msec, and a semiconductor laser 
beam of reproduction power of 1.3 mW was ap- 
plied in the same manner to the signals which had 
been recorded before in the tracks, whereby the 
intensity of a reproduction signal and C/N ratio 
were measured under the conditions of a band 
width of 30 kHz. Information was further recorded 
on other adjacent unrecorded tracks under the 
same conditions, and then a semiconductor laser 



beam of reproduction power of 1.3 mW was ap- 
plied to the recording medium in the same manner, 
whereby the intensity of a reproduction signal and 
CN ratio were measured under the conditions of a 

5 band width of 30 kHz. The initial erasability was not 
less than 25 dB with 9-1 1 mW, and. after the lapse 
of 300 hours, a practically sufficient erasability of 
not less than 22 dB was obtained with 10-12 mW. 
Accordingly, it can be estimated that the optical 

w recording medium had long-term stability of suffi- 
cient erasing characteristics at room temperature. 

The C/N ratio was initially 53 dB, and, after the 
lapse of 300 hours, it was 52 dB with respect to 
both a recording sign generated before a heating 

is operation was carried out and a signal generated 
after the heating operation was carried out, i.e., 
substantially no deterioration of the optical record- 
ing medium occurred. 

20 Comparative Example 1 : 

An optical recording medium the construction 
of which was identical with that used in Example 1 
except that the recording layer in the former con- 

25 sisted of Ge 0 .i 8 . Sb 0 . 2 6- Te 05 6 was manufactured, 
and measurement was conducted in the same 
manner as in Example 3. 

The CN ratio was initially 53 dB. and the C.N 
ratio of a signal recorded after the lapse of 300 

30 hours and prior to a heating operation 35 dB. i.e.. 
great deterioration of the optical recording medium 
was observed. This proved that the thermal stability 
of the recorded mark was insufficient, and that lack 
of longterm storage stability of recorded informa- 

35 tion was a problem. 

Example 4: 

An optical recording medium identical with that 

40 used in Example 1, except that the substrate for 
the recording layer in the former was changed to a 
format-carrying substrate with the thickness of the 
reflective layer set to 120 nm was manufactured. 
This optical recording medium was irradiated 

45 with a semiconductor laser beam having a 
wavelength of 820 nm to crystallize and initialize 
the recording layer on the whole surface of the 
disc. An overwrite recording operation was ■ then 
carried out 100 times with a semiconductor laser 

so beam modulated to a frequency of 6.9 MHz, a 
pulse width of 50 nsec, peak power of 12-24 mW 
and bottom power of 4-12 mW, using an optical 
head having an objective lens with a numerical 
aperture of 0.5 and a semiconductor laser with a 

55 wavelength of 830 nm with the recording medium 
rotated at a linear velocity of 11 .2 m/sec, and a C/N 
ratio was measured under the condition of a band 
width of 30 kHz. This portion was then irradiated 
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with a semiconductor laser beam, which was mod- 
ulated in the same manner as mentioned above, 
with 2.6 MHz to single-beam overwrite the same, 
and the erasability with respect to 6.9 MHz at this 
time was measured. A practically sufficient C/N 
ratio of not less than 50 dB was obtained with peak 
power of not less than 16 mW, and a practically 
sufficient erasability of not less than 20 dB was 
obtained with bottom power of 8-1 1 mW. 

A 2-7 code (frequency at 1.5T of 6.9 MHz) 
random data pattern was recorded on an adjacent 
track 100 times with a semiconductor laser beam 
modulated to a pulse width of 50 nsec, peak power 
of 18 mW and bottom power of 8 mW, with the 
recording medium rotated at a linear velocity of 
11.2 m/sec. and another 200000 times in an over- 
writing mode. The recorded information was then 
read, and the reproducing waveform was observed. 
An excellent reproducing waveform as compared 
with that obtained after the initial 100 times record- 
ing operations had been completed was obtained, 
i.e., substantially no deterioration of the recording 
medium was observed. The bit error rate (BER) of 
this track was measured and found to be as low as 
2x1 0~\ 

There was substantially no collapse of the re- 
production waveform corresponding to front and 
rear end portions of the recording sector due to the 
movement of the recording material and substan- 
tially no disorder of the reproducing waveform cor- 
responding to an intermediate data portion was 
observed. 

Comparative Example 2: 

A conventional optical recording medium which 
was out of the scope of the present invention, and 
which had the same construction as the optical 
recording medium in Example 4 except that the 
recording layer in the former consisted of Ge 0 .22, 
Sb 0 ,23, Te 0 55 was manufactured. The recording 
sensitivity of this optical recording medium was 
measured and found to be substantially equal to 
that of Example 1. This optical recording medium 
was subjected to overwrite recording operations in 
the same manner as in Example 1 100 times 
initially and 100000 times thereafter to observe a 
reproducing waveform. In the optical recording me- 
dium after being subjected 100000 times to over- 
write recording operations, the thickness of the 
recording layer varied greatly, and the signal cor- 
responding to the data portion had many amplitude 
decreased portions, though such phenomena were 
less distinct in the same optical recording medium 
after being subjected only 100 times to overwrite 
recording operations. The bit error rate (BER) de- 
termined was not less than 3x10"' at which it is 
utterly difficult to read the data even if the errors 



were corrected. 

The collapse of the reproducing waveform cor- 
responding to front and rear end portions of the 
recording sector due to the movement of the re- 
5 cording material was clearly observed. 

Example 5: 

A recording layer, dielectric layers and a reflec- 
w tive layer were formed by an RF-sputtering method 
as a polycarbonate substrate of 1.2 mm in thick- 
ness and 13 cm in diameter having 1.6 urn pitch 
spiral grooves was rotated at 30 revolutions per 
minute. 

'5 First, a vacuum chamber evacuated to 

1x10~ 5 Pa. and ZnS to which 20 mo(% of SiCb was 
added was then sputtered in an Ar gas atmosphere 
to form a first dielectric layer of 300 nm in thick- 
ness on a substrate. A compound target in which 

20 Pt chip was placed on a three-element alloy con- 
sisting roughly of Ge 0 .i 8t $b 0 . 2 6, Te o.56 was then 
sputtered to form a 25 nm thick recording layer of 
composition of Pto.002. Ge 0 ,i7 8 . Sb 0 . 26 . Te 0 .5 6 - A sec- 
ond dielectric layer consisting of ZnS just as the 

25 above-mentioned first dielectric layer was formed 
to a thickness of 20 nm, and an alloy of Mn 0 .oi. 
Sioo4, AI0.95 was sputtered on this second dielectric 
layer to form a 100 nm thick reflective layer. The 
disc was taken out from the vacuum chamber and 

30 then the reflective layer was spin-coated with an 
ultraviolet ray-curing acrylic resin. This resin was 
cured with ultraviolet rays to form a 10 urn resin 
layer and obtain an optical recording medium ac- 
cording to the present invention. 

35 This optical recording medium was irradiated 

with a semiconductor laser beam of a wavelength 
of 820 nm in the same manner as in Example 1 to 
crystallize and initialize the recording layer on the 
whole surface of the disc. An overwrite recording 

40 operation was carried out 100 times with a semi- 
conductor laser beam modulated to a frequency of 
3.7 MHz, a pulse width of 60 nsec, peak power of 
9-17 mW and bottom power of 4-9 mW using an 
optical head with an objective lens having a nu- 

45 merical aperture of 0.5 and a semiconductor laser 
with a wavelength of 780 nm, with the recording 
medium rotated at a linear velocity of 6 m/sec, and 
the recording medium was then irradiated with a 
semiconductor laser beam of reproducing power of 

so 1.3 mW to determine a C/N ratio under the con- 
dition of a band width of 30 kHz. 

This portion was irradiated with a semiconduc- 
tor laser beam, which was modulated in the same 
manner as mentioned above, with 1.4 MHz to sin- 

55 gle-beam overwrite the same, and the erasability 
with respect to 3.7 MHz at this time was deter- 
mined. 
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A practically sufficient C/N ratio of not less than 
50 dB was obtained with peak power of not less 
than 15 mW, and a practically sufficient erasability 
of not less then 20 dB and a maximum erasability 
of 30 dB was obtained with bottom power of 5-8 
mW. 

A single-beam overwriting operation was re- 
peated 1000 and 200000 times under the con- 
ditions of peak power of 17 mW, bottom power of 8 
mW and a frequency of 3.7 MHz, and similar 
measurement was thereafter conducted. The vari- 
ations of C/N ratio and erasability were all within 2 
dB, and substantially no deterioration of the optical 
recording medium was observed. 

This optical recording medium was placed for 
100000 hours in an atmosphere having a tempera- 
ture of 80 'C and a relative humidity of 80 %. and 
a recorded portion was then read and the CN ratio 
was found to vary by less than 2 dB. i.e., there was 
substantially no variation The recording medium 
was subjected to recording and erasing operations 
again, and a CN ratio and an erasability were 
measured to find out that substantially no variation 
was observed just as those measured initially. 

Comparative example 3: 

An optical recording medium the construction 
of which was identical with that of the optical re- 
cording medium in Example 5 except that the 
recording layer of the former consisted of Ge 0 .i«, 
Sb (J1 > 6 . Teuso was manufactured, and measurement 
was conducted in the same manner as in Example 
5. 

The C N ratio was 53 dB initially. 52 dB after 
the lapse of 150 hours, and 40 dB after the lapse 
of 1000 hours, i.e.. a great deterioration of the 
recording medium was observed after the lapse of 
1000 hours. This proved that the thermal stability of 
the recorded mark was insufficient, and that the 
lack of long-term storage stability of recorded in- 
formation was a problem. 

Example 6: 

Optical recording media the construction of 
which was identical with that of the optical record- 
ing medium in Example 5 except that the composi- 
tion of the recording layers of the former consisted 
of Pto.ooi. Ge 0 .i79* Sbo.26- Teo.sei and Pto.oos- Ge 0 .i77. 
Sbo.26. Te 0 .558 were manufactured. These two op- 
tical recording media were subjected to the mea- 
surement of recording characteristics using appara- 
tus identical with that used in Example 1 . In both of 
these recording media, a practically sufficient C/N 
ratio of not less than 50 dB was obtained with peak 
power of not less than 15 mW, and a practically 
sufficient erasability of not less than 20 dB and a 



maximum erasability of 30 dB was obtained with 
bottom power of 5-8 mW. 

A single-beam overwriting operation was re- 
peated 1000 and 200000 times under the con- 

5 ditions of peak power of 1 7 m W, bottom power of 8 
mW and a frequency of 3.7 MHz, and similar 
measurement was thereafter conducted. The vari- 
ations of C/N and erasability were all within 2 dB, 
and substantially no deterioration of the optical 

io recording media was observed. 

Example 7: 

An optical recording medium the construction 

;5 of which was identical with that in Example 5 
except that the recording layer of the former con- 
sisted of Pto.ooi. Ge 0 .i79. Sbo.26. Te 0 .56 with the 
thickness of a first dielectric layer set to 200 nm 
was manufactured. This optical recording medium 

20 was subjected to the measurement of recording 
characteristics with an apparatus identical with that 
used in Example 1 . by a method identical with that 
used in Example 1 except that the linear velocity, 
recording frequency, overwriting frequency used 

25 during the measurement of an erasability, and re- 
cording pulse width were set to 15 m sec, 7.35 
MHz, 2.76 MHz and 50 nsec respectively. A prac- 
tically sufficient C/N ratio of not less than 50 dB 
was obtained with peak power of not less than 15 

30 mW. and a practically sufficient erasability of not 
less than 20 dB and a maximum erasability of 27 
dB was obtained with bottom power of 7-10 mW. 

Example 8: 

35 

An optical recording laser identical with that in 
Example 5 except that the substrate was changed 
to some other format-carrying substrate with the 
thickness of a reflective layer set to 120 nm was 

40 manufactured. 

A 2-7 code (frequency at 1.5T of 5.3 MHz) 
random data pattern was recorded in an overwriting 
mode on the same track 100 times and another 
100000 times with a semiconductor laser beam 

45 modulated to a pulse width of 50 nsec. peak power 
of 20 mW and bottom power of 9 mW, using an 
optical head having an objective lens with a nu- 
merical aperture of 0.5 and a semiconductor laser 
with a wavelength of 830 nm with the recording 

so medium rotated at a linear velocity of 8.5 m/sec. 
The recorded information was then read and the 
reproducing waveform was observed. An excellent 
waveform having substantially no deteriorated parts 
as compared with the waveform obtained after the 

55 completion of the initial 100 times of recording 
operations was obtained. The bit error rate (BER) 
measured for this track was as low as 3xl0~ 5 . 
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Substantially no collapse of the reproducing 
waveform corresponding to front and rear end por- 
tions of the recording sector due to the movement 
of the recording material was observed, and sub- 
stantially no disorder of the reproducing waveform 
corresponding to an intermediate data portion was 
observed. 

Comparative example 4: 

A conventional optical recording medium which 
was out of the scope of the present invention, and 
which had the same construction as the optical 
recording medium in Example 8 except that the 
recording layer in the former consisted of Ge 0 .22, 
Sbo.23. Te 0 .55 was manufactured. The recording 
sensitivity of this optical recording medium was 
measured and found to be substantially equal to 
that of Example 5. This optical recording medium 
was subjected to overwrite recording operations in 
the same manner as in Example 5 100 times 
initially and 100000 times thereafter to observe a 
reproducing waveform. In the optical recording me- 
dium after being subjected 100000 times to over- 
write recording operations, the thickness of the 
recording layer varied greatly, and the reproducing 
signal corresponding to the data portion had many 
amplitude decreased portions, though such phe- 
nomena were less distinct in the same optical 
recording medium after being subjected 100 times 
to overwrite recording operations. The bit error rate 
(BER) measured was not less than 3x10" ; at which 
it is utterly difficult to read the data even if the 
errors were corrected. 

The collapse of the reproducing signal 
waveform corresponding to front and rear end por- 
tions of the recording sector due to the movement 
of the recording material was clearly observed. 

Example 9: 

An optical recording medium the construction 
of which was identical with that of the optical re- 
cording medium in Example 1 except that the 
recording layer in the former consisted of Nb 00 04. 
Pdo.ooi* Ge 0 .i78> Sb 0 .26. Teo.557 in which a part of the 
niobium in the recording medium of Example 1 
was replaced by palladium Pd with the reflective 
layer consisting of an aluminum alloy of Pdo.002, 
Hfo.02. Al 0978 was manufactured. 

This optical recording medium was initialized in 
the same manner as in Example 1. An overwrite 
recording operation was then carried out 100 times 
with a semiconductor laser beam modulated to a 
frequency of 3.7 MHz, a pulse width of 60 nsec, 
peak power of 9-17 mW and bottom power of 4-9 
mW, using the same optical head as that used in 
Example 1, and the optical recording medium was 



then irradiated with a semiconductor laser beam 
having reproducing power of 1.3 mW to measure 
the C/'N ratio with a band width of 30 kHz. 

This portion was then irradiated with a semi- 

5 conductor laser beam, which was modulated in the 
same manner as mentioned above, with 1.4 MHz to 
single-beam overwrite the same, and the erasability 
with respect to 3.7 MHz at this time was measured. 
A practically sufficient C/N ratio of not less than 

10 50 dB was obtained with a peak power of not less 
than 15 mW, and a practically sufficient erasability 
of not less than 20 dB and a maximum erasability 
of 30 dB was obtained with a bottom power of 5-8 
mW. 

? 5 A single-beam overwriting operation was re- 

peated 1000 and 200000 times under the con- 
ditions of peak power of 1 7 mW, bottom power of 8 
mW and a frequency of 3.7 MHz, and similar 
measurement was thereafter conducted. The vari- 

20 ations of C.N and erasability were all within 2 dB, 
and substantially no deterioration of the optical 
recording medium was observed. 

This optical recording medium was placed for 
2000 hours in an atmosphere having a temperature 

25 of 80 'C and a relative humidity of 80 %. and a 
recorded portion was then read to find out that the 
C N ratio varied by less than 2 dB. i.e., did not 
substantially vary. The recording medium was sub- 
jected to recording and erasing operations again, 

30 and a C N ratio and an erasability were measured 
to find that substantially no variation was observed 
just as those determined initially. 

Example 10: 

35 

An optical recording medium identical with that 
used in Example 1 was manufactured by the same 
sputtering method as was used in Example 1 ex- 
cept that a first dielectric layer, a recording layer, a 

40 second dielectric layer and a reflective layer were 
formed out of the same materials as in Example 1 
and to thicknesses of 300 nm, 50 nm, 200 nm and 
100 nm respectively on a 1.2 mm thick substrate of 
an acrylic resin. 

45 This optical recording medium was subjected 

to repeated recording and erasing operations with 
the recording medium kept in a stationary state, by 
using an optical head on which a semiconductor 
laser having a wavelength of 830 nm and an objec- 

50 tive lens having a numerical aperture of 0.5 were 
mounted. The recording operation was carried out 
by applying an optical pulse of 17 mW and 80 
nsec to the recording medium, and the erasing 
operation by applying an optical pulse of 7 mW 

55 and 80 nsec thereto. The reproducing light of 0.5 
mW was applied to the recording medium during 
the recording operation and erasing operation to 
monitor the variation of reflectivity. Even after the 
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recording and erasing operations were repeated 
1000000 times under the same conditions, revers- 
ible variation of reflectivity was observed, and sub- 
stantially no deterioration of the recording medium 
was observed. 5 

Example 1 1 : 

An optical recording medium identical with that 
of Example 10 except that the recording layer of 
the former consisted of Pto. 3 , Gei 7 .7, Sb 26 , Te 56 was 
manufactured, and the same recording and erasing 
operations were carried out repeatedly. In this 
case, 1000000 repeated stable recording and eras- 
ing operations could be carried out. 

Comparative example 5: 

Optical recording media the construction of 
which was identical with that of the recording me- 
dium of Example 1 except that the recording layers 
of the former consisted of Nb 0 .i 0 , Ge 0 .i6. Sb 0 . 2 4< 
Te 0 .5o: and Pt 0 .io. Ge 0 .i6. Sb 0 24, Te 0 .$o were manu- 
factured. 

A recording operation was carried out in the 25 
same manner as in Example 1 but a recorded mark 
was not sufficiently erased at the time of starting 
an initial rewriting operation. The rewriting of re- 
corded information was repeated 100 times. The 
reproducing signal was thereafter observed to find 30 
that the recording of information could not have 
been done normally at all. 

Example 12: 

35 

Recording films consisting of Pt 0 . 00 3, Geo.177, 
Sb 0 2 6. Te 0 5 6; and Nb 0 00 3. Ge 0 .w7. Sb 0 . 26 . Te 0 . 5 6 
were formed to a thickness of 50 nm on glass 
substrates using the sputtering apparatus used in 
Example 1, and the crystallization temperature of 40 
the films in an amorphous state was measured on 
the basis of the variation of the electrical resistance 
and light transmittance. The results of the measure- 
ment conducted under the condition of a tempera- 
ture increasing rate of 10 *C/min showed that the 45 
crystallization temperature in both cases was 160 
*C, and it was proved that the amorphous state 
(corresponding to a recording state) was sufficient- 
ly stable at room temperature. 

so 

Claims 

1. An optical recording medium comprising a 
substrate, a recording layer formed on said 
substrate and consisting of a tellurium alloy, at 55 
least one dielectric layer , and a reflective 
layer, the tellurium alloy of said recording layer 
being phase-changed between a crysalline 



state and an amorphous state by being irradi- 
ated with light, whereby the recording and 
erasing of information can be done, the tellu- 
rium alloy of said recording layer comprising at 
least a metal M, antimony Sb and germanium 
Ge added to tellurium Te and having the fol- 
lowing composition formula, 

M^SbxTeT-jT-y-^Geo.sTeo.sJy. 



3. An optical recording medium according to 
claim 1 or 2. wherein said metal M is niobium 
Nb; and said y satisfies the relation, 0.2 < y < 
0.4. 

4. An optical recording medium comprising a 
substrate, a recording layer formed on said 
substrate and consisting of a tellurium alloy, at 
least one dielectric layer . and a reflective 
layer, the tellurium alloy of said recording layer 
being phase-changed between a crystalline 
state and an amorphous state by being irradi- 
ated with light, whereby the recording and 
erasing of information can be done, the tellu- 
rium alloy of said recording layer comprising at 
least a metal M, palladium Pd. antimony Sb 
and germanium Ge added to tellurium Te and 
having the following composition formula, 

M 2 Pd p (Sb x Te } - K h- y - z(Geo. 5 Teo.5)y 

0.35 £ x < 0.7 
0.2 ^ y £ 0.5 
0.0001 S z < 0.01 
0.0001 £ p £ 0.005 

wherein the metal M is one kind of metal 
selected from the group consisting of niobium 
Nb and platinum Pt; and the subscripts x, y, 1- 
x, 1-y-z and p the numbers of atoms of ele- 
ments (molar number of elements). 

5. An optical recording medium according to 
claim 4, wherein said metal M is niobium Nb; 
and said y satisfies the relation 0.2 £ y < 0.4. 



10 

0.35 S x S 0.7 
0.2 S y £ 0.5 
0.0001 S z S 0.05 

wherein the metal M is one kind of metal 
15 selected from the group consisting of niobium 

Nb and platinum Pt; and the subscripts x, y, 1- 
x and 1 -y-z the numbers of atoms of elements 
(molar number of elements). 

20 2. An optical recording medium according to 
claim 1, wherein said z satisfies the relation, 
0.0001 £ z < 0.01. 
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6. An optical recording medium according to 
claim 1 , which contains two said dielectric lay- 
ers. 

7. An optical recording medium according to s 
claim 6, having respective layers laminated in 

the order: substrate, first dielectric layer, re- 
cording layer, second dielectric layer and re- 
flective layer. 

10 

8. An optical recording medium according to 
claim 7, wherein the thicknesses of said first 
dielectric layer, said recording layer, said sec- 
ond dielectric layer and said reflective layer 

are 100-400 nm, 10-30 nm, 10-30 nm, and 10- is 
200 nm respectively. 
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